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Organophosphorus (OP) insecticides are used worldwide, yet their persistence in the environment is not well
understood. This paper summarises recent research on 17 OP insecticides in the River Wuchuan, an important
catchment in China, by determining their concentrations in water, soil, sediment and plants by gas
chromatography with flame photometric detection (GC-FPD). The concentrations of the total OP insecticides
ranged from 92.77 to 229 ng l21 in river water, 1.61 to 9.93 ng g21 dry weight in soil, 1.24 to 7.56 ng g21 dry
weight in sediment and 75.28 to 326 ng g21 dry weight in plants. There was a relatively high abundance of
methamidophos, dichlorvos, malathion, omethoate and dimethoate in all water, soil, sediment and plant
samples. On average, these five compounds collectively accounted for 64%, 71%, 71% and 54% of the total OP
insecticide concentration in water, soil, sediment and plants, respectively, which was similar to the composition
of OP insecticides in application formulations used in our study area and in China as a whole. The results
therefore reflect the application pattern to some extent, and suggest that the sources of the OP insecticides are
mainly from current usage. When compared with other areas, the levels of OP insecticides in the River
Wuchuan were moderate. The animal and human risks from exposure to OP insecticides in water and plants
were evaluated against relevant threshold values. The results therefore provide important information on the
current contamination status of a key agricultural watershed in China, and point to the need for urgent action
to control the use of some excessively applied and potentially persistent agrochemicals, such as methamidophos,
omethoate and dimethoate.
Aim of investigation
Organophosphorus (OP) insecticides are widely used in
agriculture for crop protection and orchard treatment, in
sheep dipping, and in aquaculture for the control of sea lice.
These so-called ‘new generation’ insecticides, which act on
acetylcholinesterase activity, have replaced the organochlorine
(OCl) insecticides that are now prohibited because of their
persistence in the environment, biomagnification along the
food chain and toxicity to non-target organisms.1–4 In contrast
to the wealth of literature on OCl insecticides in the
environment, our understanding of the environmental beha-
viour and persistence of OP insecticides is limited. Recent
research suggests that, contrary to the common belief that OP
insecticides are readily degraded in the environment, they can
persist in the environment for long periods of time.5,6 These
findings raise serious questions about the persistence of OP
insecticides, yet why this persistence occurs is not clear. In
addition, the acute toxicity of OP insecticides is of concern, and
stringent regulations have been implemented in most countries.
Moreover, OP insecticides are mutagenic and teratogenic and
have been linked to some modern diseases, such as Creutzfeldt–
Jakob disease (CJD) and the Gulf War syndrome.6 Our lack of
understanding of the persistence of OP compounds, together
with their potential impact, warrants detailed studies of the
environment behaviour and fate of these compounds.
The River Wuchuan is a branch of the Jiulong River
Watershed, which is located in the southeast of China.
Wuchuan is one of the 1000 ecological model catchments
in China with a small farming field, covering an area of
approximately 530 ha, which is mainly occupied by orchard
planting. Our recent research has shown that a wide variety of
persistent OCl pesticides occur in the area,4 raising concerns
about the environmental quality of such model catchments.
Such concerns would be further exacerbated if other types of
organic contaminants were also found to be present in the
locality. However, few data exist on OP insecticides in the
agricultural catchment in China as a whole, let alone the River
Wuchuan.7 This project aims to fill this gap in our knowledge
by determining the levels of important OP insecticides in the
River Wuchuan environment, focusing on the main phases
in which such pollutants may accumulate (including water,
sediment, soil and plants), comparing the levels found with
regulatory limits to assess whether urgent action is needed, and
evaluating the behaviour and fate of OP insecticides.
Materials and methods
Chemicals
Reference OP insecticides (17 components, neat or at
2000 mg ml21) and triphenylphosphate as internal standard
(at 500 mg ml21) were obtained from Supelco. A working
standard of OP insecticides was prepared by mixing dilutions of
the stock solution in ethyl acetate. These were further diluted
with ethyl acetate to prepare calibration solutions for GC
analyses in the range 0.01–5.70 ng ml21. All solvents used for
sample processing and analyses (ethyl acetate, methanol) were
of HPLC grade. High purity deionised water was taken from
a Milli-Q system (Millipore, Watford, UK).
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Sampling and sample treatment
Subsurface water samples were collected from the River
Wuchuan in September 2000. The locations of the sampling
stations are shown in Fig. 1. Throughout the survey, a global
positioning system was used to locate the sampling positions.
Samples were taken using pre-cleaned glass bottles. Aliquots
of the samples (1.0 l) were filtered under vacuum to obtain a
‘dissolved’ phase to which the internal standard (470 ng) was
added.
Surface sediment samples were collected with a grab sampler,
and the top 1 cm surface layer was carefully removed with a
stainless steel spoon and stored in pre-ashed glass bottles. After
returning to the laboratory, the sediments were stored at
220 uC until extraction. The soil samples were also collected by
a stainless steel spoon and stored in pre-ashed glass bottles, and
preserved at 220 uC. Leaves of the plant samples (grass at
stations 1 and 4, sweet potato at station 2, pomelo at stations 3,
5 and 8, banana at station 6, paddy at station 7) were cut and
stored in pre-ashed glass bottles for further processing.
Sample extraction for organic pollutants
Filtered water samples were extracted using a solid-phase
extraction (SPE) system from Supelco, following an established
procedure.8,9 The Supelco Envi-18 SPE cartridges were first
conditioned with 2 6 5 ml of methanol, followed by 2 6 5 ml
of deionised water. Water samples (1.0 l) were passed through
the cartridges at a flow rate of 6 ml min21 under vacuum.
Following extraction, the cartridges were eluted with 10 ml of
ethyl acetate. After water had been removed from the extracts
by ashed Na2SO4, the extracts were reduced in volume by N2
blow-down in a water bath.
Soil, sediment and plant samples were extracted by ultra-
sonication.3,9 Briefly, soil and sediment samples were mixed
thoroughly with a spatula, while plant samples were cut into
small pieces. Subsamples (approximately 30 g wet weight) were
mixed with anhydrous Na2SO4, Cu granules, internal standard
(470 ng) and 60 ml ethyl acetate, and were extracted twice, first
for 30 min and then overnight. The extracts were concentrated
to 0.5 ml by rotary evaporation under a gentle stream of
nitrogen. The concentrated extracts were purified by a silica gel
column (4 mm id 6 90 mm). The column was then eluted first
with 3.5 ml of hexane and the solution was discarded. Further
elution was by ethyl acetate (2 6 5 ml) to obtain OP
insecticides. All the extracts were concentrated by gentle N2
blow-down to about 100 ml. Good recovery was obtained using
this procedure, as shown in Table 1.
Sample analyses
A Hewlett-Packard (HP) 6890 plus GC, with a flame photo-
metric detector (FPD), an autosampler and Chemstation
software, was used to determine the levels of OP insecticides
in sample extracts. The capillary column used for the analyses
was an HP-5 (30 m 6 0.32 mm id 6 0.25 mm film thickness).
The oven temperature for analyses was programmed from 60 uC
(initial time, 1 min) to 200 uC at a rate of 10 uC min21, 200 uC
to 220 uC at a rate of 2 uC min21, 220 uC to 260 uC at a rate of
10 uC min21, and held at 260 uC for 5 min.
Before analysis, relevant standards were run to check the
column performance, peak height and resolution. With each set
of samples to be analysed, a solvent blank, a standard mixture
and a procedural blank were run in sequence to check for
contamination, peak identification and quantification. Com-
pounds were identified mainly by their retention times. Selected
samples with different levels of OP insecticides were analysed
by full-scan GC-EI/MS for confirmation, using an HP 6890
plus GC with an HP 5973 mass selective detector. Typical GC-
FPD chromatograms of an OP insecticide calibration standard
and selected samples are shown in Fig. 2.
Analytical quality controls
All data were subject to strict quality control procedures,
including the analysis of procedural blanks and spiked samples
with each set of samples analysed. None of the target com-
pounds were detected in the procedural blanks. Spiked water,
soil and plant samples (88–570 ng of each target compound)
were determined with high recoveries and good precision
(Table 1). Finally, the internal standard was used to compen-
sate for losses involved in the sample extraction and work-up to
further improve the analytical quality.
Results and discussion
This study reports the results obtained from a comprehensive
survey of the River Wuchuan for the levels of OP insecticides,
Fig. 1 Map of the study area with sampling sites.
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and represents an attempt to enhance our understanding of the
effects of agricultural non-point pollution on the contamina-
tion status and behaviour of OP insecticides in the area. As a
result, the following interpretation and discussion will be
focused on OP insecticides in water, sediment, soil and plants.
Concentration data for the level of 17 OP insecticides in water,
sediment, soil and plants are shown in Table 2.
OP insecticide concentration in water and sediment
The concentrations of total OP insecticides in river water
ranged from 92.77 to 229 ng l21, with a mean concentration of
142 ng l21 (Fig. 3). The highest concentration was found at
station 7, which is near the outlet of the watershed. This may be
due to the pool of leaching water from the upper catchment.
In comparison, the levels of total OP insecticides in River
Wuchuan water were somewhat similar to those in the Jiulong
River Estuary (135–355 ng l21, with a mean value of 227 ng l21),7
and higher than those in the Pearl River Estuary (4.44–635 ng l21,
with a mean value of 88.31 ng l21)7 and South China Sea (1.27–
122 ng l21, with a mean value of 16.49 ng l21).7 Because of the
limited reports on these OP insecticides, further comparison
between the contamination levels in this area and many other
regions is not possible. With regard to individual components,
the levels of parathion-methyl in River Wuchuan water (1.11–
4.84 ng l21, with a mean value of 2.71 ng l21) were two to three
orders of magnitude lower than those detected in a headwater
stream of an agricultural catchment in northern Germany
(6000 ng l21),10 a watershed in Missisippi (490 ng l21)11 and
the River Elbe near Hamburg (332 ng l21).12 As a result,
water in the River Wuchuan is moderately polluted by OP
insecticides.
Several OP insecticides are among the priority red list
substances (e.g. in the UK), including dichlorvos and mala-
thion; their concentrations in water were in the ranges 8.04–
15.10 ng l21 (mean, 11.01 ng l21) and 8.31–43.53 ng l21 (mean,
21.99 ng l21), respectively. According to the Chinese water
quality guideline (GHZB1-1999), in grade 1–3 surface water
that is considered to pose no hazard to aquatic and human
health, the concentration of individual OP insecticides should
be less than 100 ng l21 (the lowest critical value of the guide-
line). Although none of the OP insecticides showed concentra-
tions in water in excess of the guideline value, the highest levels
of methamidophos (94.52 ng l21) were close to the target value.
In addition, it was observed that the UK Environmental
Quality Standard (EQS) was frequently exceeded, with 100%
for dichlorvos, 75% for malathion and 88% for omethoate.
There is therefore a potential risk to aquatic organisms and
the human population on contact with such water.
In terms of the distribution of individual compounds, all of
the 17 OP insecticides, except O,O,O-triethylphosphorothioate
and famphur, were present in all water samples. There was a
predominance of methamidophos, together with a relatively
high abundance of dichlorvos, malathion, omethoate and
dimethoate in water samples (Fig. 4). On average, these five
compounds collectively accounted for 64% of the total OP
insecticide concentration in water. This component distribu-
tion is consistent with previously published data,13 which
showed that these five compounds accounted for approxi-
mately 60% of the total OP insecticide application in the area
and 55% of the total OP insecticide application in China. The
results therefore suggest that the OP residues in water are from
recent applications in the area.
The total OP insecticide concentration in sediment varied
from 1.24 to 7.56 ng g21 dry weight, with a mean concentration
of 3.93 ng g21 (Fig. 3). The highest concentration was found
at station 4, different from the concentration distribution in
water; such a difference may be due to the different historical
input and deposition, the physicochemical properties of the
insecticides and environmental conditions (e.g. pH and organic
matter content of the sediment). The levels of individual OP
insecticides, e.g. parathion (not detected to 0.13 ng g21), in
sediment were similar to those observed in Penitas El Toro,
Nicaragua (v0.1 ng g21)5 and Rio Parismina, Costa Rica
(0.2 ng g21),5 but lower than those in sediments of Boca del Rio
Pacuare, Costa Rica (1.2 ng g21).5 For parathion-methyl (not
detected to 0.14 ng g21), the levels were significantly lower than
those detected in sediment off the Gulf of California (6.05–
98.7 ng g21).14 Because of the lack of previous studies in the
River Wuchuan and in China as a whole, it is difficult to
reach any conclusions about the temporal variation or spatial
difference of water quality in the River Wuchuan and other
watersheds in China during recent years. In order to develop
and maintain an adequate level of environmental protection,
there is an urgent need to develop a robust monitoring
programme for the continued surveillance of OP insecticides in
the study area and other important aquatic/terrestrial systems
in the country, and subsequently to adopt an efficient risk
assessment strategy to determine the likely impacts that these
compounds may have on the ecosystems affected.
In terms of the distribution of individual compounds in
Table 1 Limit of detection (LOD) from procedural blanks and mean recovery and relative standard deviation (RSD) of organophosphorus (OP)



















O,O,O-triethylphosphorothioate 5.71 80 12.0 0.05 99 19.4 0.13 97 21.7
Methamidophos 13.01 91 7.0 0.11 103 9.5 0.29 88 10.5
Dichlorvos 3.34 109 10.3 0.03 105 11.4 0.07 90 13.3
Malathion 33.43 93 14.0 0.28 101 18.6 0.74 86 10.5
Glyphosate 10.89 80 10.4 0.09 72 9.7 0.24 74 19.1
Omethoate 18.07 75 10.8 0.15 79 17.4 0.40 81 13.3
Thionazin 7.79 110 9.0 0.06 107 14.9 0.17 80 7.5
Sulfotepp 20.27 98 14.8 0.17 85 19.3 0.45 90 7.4
Phorate 26.92 96 16.0 0.22 105 9.4 0.60 82 15.8
Dimethoate 44.39 101 6.7 0.37 106 9.9 0.99 92 18.1
Disulfoton 15.73 101 14.5 0.13 81 24.2 0.35 85 27.4
Parathion-methyl 23.29 109 10.1 0.19 93 15.4 0.52 87 7.1
Parathion 16.64 102 15.7 0.14 89 12.0 0.37 114 5.8
Isocarbophos 24.20 79 11.2 0.20 72 11.0 0.54 86 13.6
Isofenphos-methyl 12.78 107 15.1 0.11 108 13.7 0.28 115 8.4
Trichlorphos 27.15 95 9.3 0.23 88 18.8 0.60 83 4.8
Famphur 60.80 85 9.9 0.51 74 15.8 1.35 115 10.3
Internal standard 12.02 83 9.5 0.10 83 10.9 0.27 108 10.8
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sediment, as shown in Fig. 4, it was again found to be
dominated by methamidophos, together with a high abundance
of dichlorvos, malathion, omethoate and dimethoate. On
average, these five compounds collectively accounted for 71%
of the total OP insecticide concentration in sediment. The
findings are consistent with the results found in water, again
suggesting that these five compounds were from the residues of
recent applications of OP insecticides.
OP insecticide concentration in soil and plants
The concentrations of total OP insecticides in soil varied from
1.61 to 9.93 ng g21 dry weight, with a mean concentration of
5.60 ng g21 (Fig. 3). The highest concentration (9.93 ng g21)
was found at station 6. The levels of individual OP insecticides,
e.g. methamidophos (0.55–6.89 ng g21), in soil were several
orders of magnitude lower than those detected in Jiangsu
Province, China (635 ng g21).15 The concentrations of para-
thion (not detected to 0.14 ng g21) were lower than those
detected in agricultural land in El-Haram Giza, Egypt (not
detected to 26.5 ng g21).16 The level of dimethoate (not
detected to 0.62 ng g21) was also lower than that found in
El-Haram Giza, Egypt (9.0–32.0 ng g21).16
Total OP insecticides in plants ranged from 75.28 to 326 ng
g21 dry weight, with a mean value of 133 ng g21 (Fig. 3). The
highest concentration (326 ng g21) was found at station 4,
where the highest concentration in sediment was also observed.
It may be inferred that leaching and washing from plants to
surface water, followed by sorption to particles, may contribute
to this coincidence. In comparison, the levels of individual OP
insecticides, e.g. methamidophos (7.72–20.07 ng g21), in plants
were significantly lower than those detected in vegetables from
Guangzhou, China (10 880 ng g21),15 Zhejiang, China (270–
8800 ng g21)17 and Jianghan, China (189 ng g21).18 Omethoate
levels (11.96–34.21 ng g21) were similar to those detected in
Kuwait (30 ng g21),19 but lower than those found in Fuzhou,
China (290 ng g21).20 According to the Chinese food quality
guidelines, in order to prevent food hazards to human health,
Fig. 2 GC-FPD chromatograms of: (a) a standard mixture of organophosphorus (OP) insecticide; (b) a water sample extract from station 8; (c) a
sediment sample extract from station 7; (d) a soil sample extract from station 6; and (e) a plant sample extract from station 5. Peak numbers
correspond to: 1, O,O,O-triethylphosphorothioate; 2, methamidophos; 3, dichlorvos; 4, malathion; 5, glyphosate; 6, omethoate; 7, thionazin; 8,
sulfotepp; 9, phorate; 10, dimethoate; 11, disulfoton; 12, parathion-methyl; 13, parathion; 14, isocarbophos; 15, isofenphos-methyl; 16, trichlorphos;
17, famphur; 18, internal standard.
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the maximum allowable residue in food for individual OP
insecticides is 100 ng g21 (the lowest critical value of the
guidelines). The concentration of dimethoate at station 4
(129 ng g21) is definitely above the threshold, and similar
exceedance may have been found for other compounds if more
frequent sampling had taken place. There are therefore health
implications from the consumption of plants from this area.
Currently, there are no guidelines on OP insecticide levels in
soils and sediments, and so no assessment can be made of the
quality of the soils and sediments under investigation.
In terms of individual OP insecticides (Fig. 4), five (metha-
midophos, dichlorvos, malathion, omethoate and dimethoate)
accounted for 71% and 54% of the total OP insecticides in soil
and plants, respectively. The high abundance of these five OP
insecticides was observed in all phases. However, the distribu-
tion profile in plants was different from that in water, sediments
and soil, in that it was dominated by dimethoate instead of
methamidophos (Fig. 4). These results may suggest that, after
leaving plants through processes such as washing and leaching,
dimethoate degraded faster than the other compounds. Similar
distribution characteristics were found in samples from the
Jiulong River Estuary,7 which is the reservoir for Wuchuan
stream water. The results suggest that the application pattern
of these five OP insecticides is similar over the whole Jiulong
River Watershed. It has been reported that these five OP
insecticides contribute about 60% of the total OP insecticide
application in China.13 Our data showed that these five OP
insecticides detected in the study area are of a similar
composition to that currently being sprayed in the country
as a whole. The results therefore have at least two implications:
that the levels of OP insecticides in the environment may reflect
their application pattern to some extent, and that OP com-
pounds are potentially persistent as they can be readily detected
at modest levels.
Since 1983, when OCl insecticides ceased to be used in China,
OP insecticides have been widely applied in agriculture. In
1999, 295 000 tons of OP insecticides were sprayed in China,
with an application of 660 kg year21 in Wuchuan alone.7 Of
the total OP insecticides applied, a few have dominated and
have accounted for most of the total tonnage. Although they
Fig. 3 Concentration of total organophosphorus (OP) insecticides in



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































502 J. Environ. Monit., 2002, 4, 498–504
are considered to be ‘fast degradation’ insecticides, the results
of this paper indicate that this may not be the case. On the
contrary, because of the widespread usage of OP insecticides
in large quantities and the slow degradation of some of them
under certain conditions, residues of OP insecticides may
remain in water, soil, sediment and biota. Globally, they have
also been found in snow in the Arctic. It is probable that some
of the OP insecticides may become a ‘new generation’ of persis-
tent organic pollutants (POPs), behaving like notorious com-
pounds such as dichlorodiphenyltrichloroethane (DDT), HCHs
and polychlorinated biphenyls (PCBs).1,2 Action should be taken
to control and optimise their application in order to prevent
excessive usage and discharge into the wider environment.
Relationship between individual OP insecticides
As all 17 OP insecticides may come from the same source (e.g.
agriculture) and have similar environmental behaviour, they
may show some correlations between themselves. Detailed
analysis of the data showed that, although there were
significant correlations between some compounds in water,
soil and plants, the extent and significance of such correlations
were most evident in sediment samples. The correlation values
of the 17 OP insecticides in sediment samples are shown in
Table 3. It is clear that only 30% of the relationships showed
correlation coefficients greater than 0.7; the extent and
frequency of significance are lower than this for the OCl
insecticides in the same area.4 In addition, some compounds,
Fig. 4 Mean concentrations of individual organophosphorus (OP) insecticides in water, sediment, soil and plants, as percentages of the total OP
pesticide concentration. The numbers correspond to: 1, O,O,O-triethylphosphorothioate; 2, methamidophos; 3, dichlorvos; 4, malathion; 5,
glyphosate; 6, omethoate; 7, thionazin; 8, sulfotepp; 9, phorate; 10, dimethoate; 11, disulfoton; 12, parathion-methyl; 13, parathion; 14,
isocarbophos; 15, isofenphos-methyl; 16, trichlorphos; 17, famphur.
Table 3 Correlation value (r) between individual organophosphorus (OP) insecticide compoundsa in sediment
Compound A B C D E F G H I J K L M N O P Q
A 1.000
B 0.047 1.000
C 0.012 0.072 1.000
D 0.787 0.001 0.002 1.000
E 0.788 0.032 0.070 0.814 1
F 0.207 0.003 0.007 0.415 0.392 1.000
G 0.490 0.020 0.075 0.651 0.805 0.743 1.000
H 0.340 v0.001 0.667 0.156 0.417 0.035 0.318 1.000
I 0.392 0.002 0.182 0.538 0.729 0.286 0.693 0.412 1.000
J 0.291 0.183 0.006 0.422 0.530 0.794 0.802 0.060 0.445 1.000
K 0.687 0.012 0.039 0.863 0.946 0.550 0.893 0.300 0.792 0.654 1.000
L 0.213 0.259 0.103 0.215 0.329 0.622 0.453 0.007 0.091 0.693 0.342 1.000
M 0.287 v0.001 0.083 0.455 0.499 0.792 0.835 0.210 0.342 0.637 0.597 0.395 1.000
N 0.541 0.022 0.118 0.700 0.887 0.372 0.817 0.365 0.923 0.574 0.923 0.204 0.474 1.000
O 0.618 0.004 0.098 0.800 0.936 0.351 0.776 0.343 0.837 0.483 0.940 0.205 0.465 0.960 1.000
P 0.672 0.037 0.016 0.860 0.908 0.558 0.883 0.223 0.744 0.721 0.979 0.369 0.596 0.908 0.906 1.000
Q 0.516 0.004 0.056 0.823 0.836 0.612 0.890 0.240 0.782 0.615 0.951 0.270 0.670 0.882 0.904 0.920 1.000
aA, O,O,O-triethylphosphorothioate; B, methamidophos; C, dichlorvos; D, malathion; E, glyphosate; F, omethoate; G, thionazin; H, sulfotepp;
I, phorate; J, dimethoate; K, disulfoton; L, parathion-methyl; M, parathion; N, isocarbophos; O, isofenphos-methyl; P, trichlorphos; Q, fam-
phur.
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including methamidophos, dichlorvos, sulfotepp, parathion-
methyl and parathion, showed no significant correlations with
any of the other compounds.
Conclusions
This study has provided a comprehensive dataset on the levels
of common OP insecticides in water, soil, sediment and plants
in the River Wuchuan, a very important and representative
agricultural area in southeast China. Due to the excessive
recent applications of these OP insecticides in agriculture, most
of the 17 OP insecticides were found in various matrices. Of
particular interest was the finding that five OP insecticides,
including methamidophos, dichlorvos, malathion, omethoate
and dimethoate, were most abundant in water, soil, sediment
and plant samples. Although the concentrations of selected OP
insecticides rarely exceeded the relevant Chinese guideline
values for individual OP insecticides in water and plants, many
compounds showed concentrations greater than the UK
EQS. These findings point to the urgent need to establish a
reliable monitoring programme for OP insecticides, so that
any concentration in excess of the EQS can be detected and
appropriate action taken. Further work is needed, e.g.
sampling the tissues of terrestrial animal and aquatic organisms
(e.g. fish), in order to determine the bioaccumulation of such
contaminants in the biota and to assess the risk of these
contaminants to ecosystems and human health. With China
now being a member of the World Trade Organisation,
environmental quality and, in particular, environmental
pollution by OP and OCl compounds will become an
increasingly important issue in China, and in its relation
with the international community.
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